The human papillomaviruses (HPVs) can be classified by phylogenetic analysis into specific groups which parallel the tissue tropisms of the viruses (6, 19) . Most of the cutaneous HPVs belong to groups B1 and B2, and a few are found in group E. More than 20 of the HPV types in group B1 have originally been isolated from patients suffering from the rare hereditary skin disease epidermodysplasia verruciformis (EV) (12, 13) , and the HPV types of this group have therefore been referred to as EV-associated HPVs (16) . While some HPV types cause common warts, a few of the HPV types in group B1, mainly HPV type 5 (HPV-5) and HPV-8, have been found in skin cancer lesions from EV patients (13, 16, 17) and immunosuppressed patients (3, 10) .
In a previous report (1), we have shown that there is a high prevalence of HPV DNA (80%) in normal skin from healthy adults as well as a surprisingly high multiplicity of HPV genotypes and putative types, with all but one belonging to HPV group B1 or B2. Furthermore, there was an increased prevalence of HPV with age. In order to determine at what time in life skin papillomavirus infections are acquired, we analyzed normal skin samples from children of different age groups.
MATERIALS AND METHODS
Subjects and samples. This investigation consisted of three parts: part a, a study of 1-month-old, 1-year-old, and 4-year-old children and one of the respective parents; part b, a pilot trial comprising two newborn babies; and part c, a study of 16 newborn babies, their mothers, and their environments.
Part a. Samples were collected from 20 children in each of three age groups (ages 1 month, 1 year, and 4 years) at a child health clinic as well as from one of the respective parents. The prevalence of warts, eczema, and allergy in the child and the parent, as well as the number of siblings and attendance at nursery school or another school, was assessed by a questionnaire filled out by the parent.
Part b.
A sample was collected from one baby directly after birth and then once a week for 8 weeks. One sample from the mother and one sample from the father were also taken.
Samples were obtained from a second baby on the day of birth and then after 1, 3, 5, 8, 13, and 21 days. Samples were also collected from both parents.
Part c. Sixteen babies and their mothers were sampled directly after birth (within 1 h) and then daily until the mother and the baby left the hospital (between two and six samples were obtained from each baby). An environmental sample was collected from the mother's bedside table on the maternity ward at the same time as the collection of samples from the child and mother.
All specimens for HPV analysis were collected from the skin on the individual's forehead by using cotton-tipped swabs. The swabs were soaked in saline solution (0.9% NaCl), drawn back and forth five times within a skin area of 3 by 5 cm, and then suspended in 1 ml of 0.9% NaCl. No DNA extraction of the specimens was carried out. The samples were stored at 4°C and analyzed within 72 h.
Informed consent was obtained from all parents in this study. The project was approved by the Ethics Committee of Lund University (LU 106-01).
PCR. The presence of HPV DNA was determined by PCR. The final volume of 25 l of PCR solution contained 0.75 M (each) FAP59 and FAP64 primers (11), 0.2% bovine serum albumin (Sigma-Aldrich, Steinheim, Germany), 0.2 mM (each) deoxynucleoside triphosphate, 0.625 U of AmpliTaq Gold DNA polymerase, GeneAmp PCR buffer II, and 3.5 mM MgCl 2 (Applied Biosystems, Warrington, United Kingdom), as well as 5 l of the sample. Forty-five cycles of amplification were performed after denaturation for 10 min at 94°C. Each cycle consisted of 94°C for 90 s, 50°C for 90 s, and 72°C for 90 s.
In each batch of tests, H 2 O (without template) was included as a negative control, and samples containing HPV-11 or HPV-20 (both clinical samples) served as positive controls. As a PCR amplification control, all HPV DNAnegative samples were analyzed for human DNA by PCR (8) .
HPV type determination. The HPV types were determined by cloning and sequence analysis. The PCR amplicons were cloned into the pCR-script SK(ϩ) cloning vector (Stratagene, La Jolla, Calif.). Between two and five clones per sample were sequenced with both the forward and the reverse primers (BigDye; Applied Biosystems) with a Perkin-Elmer 373A automated sequencer, and the complementary sequences were aligned with MacMolly computer software (version 3.8).
Comparison of the DNA sequences obtained with those of previously established HPV types and putative types was performed by using the BLAST server (http://www.ncbi.nlm.nih.gov/blast/).
The PCR products of the HPV DNA obtained span the L1 region from nucleotides 6044 to 6480, with the numbering being relative to that for the HPV-20 sequence. Since the PCR products obtained in this study represent only a part of the L1 gene, the isolated DNA sequences with less than 90% homology with any of the fully characterized HPV types or previously described HPV sequences have been designated new putative HPV types. The guidelines from the Papillomavirus Nomenclature Committee 1995 (14th Int. Papillomavirus Conf., Quebec City, Quebec, Canada, 1995) were followed to define the putative new HPV types found in this study (9) .
Nucleotide sequence accession numbers. (Table 1) . Eightyfive percent (51 of 60) of the samples from the parents were PCR positive for HPV DNA.
For 3 of the 12 HPV DNA-positive 1-month-old babies, the same HPV type or putative type (HPV-5, FA23, and FA55) was detected in the specimen from the child and the respective parent (Table 2 ). A total of 17 different HPV types or putative types were isolated from the individuals in this age group, and 4 of them (FA55, FA80, FA81 and FA82) have not been described previously. Eleven HPV types or putative types were isolated from the parents, two of which (FA55 and FA83) have not been described before.
Among the 1-year-old children, four harbored one HPV type or putative HPV type (HPV-38, HPV-vs92-1, and FA23 and FA38), as did the corresponding parent. A total of 16 HPV types and putative types were isolated from the 1-year-old children, and 5 of these (FA51, FA65, FA66, FA67, and FA70) have not been described previously (Table 2 ). Ten different HPV types and putative types were detected from the parents of these children, and three of them (FA45, FA47, and FA54) have not been described previously.
The HPV types from 3 of the 13 HPV DNA-positive 4-yearold children were determined ( Table 2) . None of the samples from these children and their respective parent had any HPV type or putative type in common. One new putative HPV type (FA68) was found in a child, and another (FA69) was detected in one of the parents.
The answers to the questionnaires revealed no differences (regarding the appearance of warts, eczema, and allergy in the child and their parent and siblings) between the HPV DNApositive and -negative children. Part b: pilot trial with two newborn babies. The specimen from the first baby, obtained directly after birth, was HPV DNA negative, while samples collected from weeks 1 to 8 were all HPV DNA positive (Fig. 1a) . Altogether, seven HPV types or putative types (HPV-5, HPV-20, HPV-24, HPV-49, HPV-80, and FA23 and FA36) were detected in the samples from the baby. The sample from the mother contained HPV-5, HPV-12, FA23 and FA36, and a new putative type (FA71), while HPV-5 and a new putative type (FA72) were isolated from the father.
The second baby was HPV DNA negative directly after birth and then HPV DNA positive at days 1, 3, 5, 8, 13, and 21 (Fig.  1b) . Six different HPV types or putative types (HPV-23, HPV-24, HPV-50, and FA14, FA44, and FA50) were detected in the samples from this baby. The putative types FA50 and FA79 were isolated from the mother; and the sample from the father contained HPV-50 and FA61 and FA80. Five new putative HPV types (FA44, FA50, FA61, FA79 , and FA80) were isolated.
Part c: samples from newborn babies and their mothers and environmental samples. HPV DNA was found in 2 of the 16 specimens from the newborn babies (day 0). Among the samples collected during the babies' second day of life, HPV DNA was detected in those from half of the babies (8 of 16 babies), and among the 17 samples collected from day 2 to day 5, HPV was detected in those from 7 babies (41%) ( Table 3 ). The HPV DNA prevalences were 77% (38 of 49) among the samples from the mothers and 18% (9 of 49) among the environmental specimens. HPV DNA was detected in at least one sample from 11 of the 16 babies (69%; with between two and six samples collected from each baby). Four of the 11 HPV DNApositive babies harbored at least one HPV type or putative HPV type in common with the mother (baby 2, putative type FA84; baby 12, putative type FA7; baby 13, HPV-65; and baby 15, HPV-12 and HPV-47). For two of these babies (baby 13 and baby 15), HPV-65 and HPV-47, respectively, were detected in the sample taken directly after birth. Two or more specimens from each of three of the babies were positive for DNA of the same HPV type or putative type (baby 6, FA35 and RTRX7; baby 13, HPV-65; and baby 15, HPV-12) ( Table  3) . None of the HPV types or putative types found in the environmental samples was detected in the corresponding samples from the baby or the mother. HPV types and putative types HPV-14D, HPV-21, FA11, FA28, FA34, and FA87 were detected only in the environmental samples. HPV-5 was found in two different environmental samples as well as in three different samples from one mother, and RTRX7 was detected in an environmental sample and in two different samples from one baby. However, the environmental samples in which HPV DNA was found were not from the same rooms as the mother and the baby in question.
Altogether, seven new putative HPV types (types FA45, FA61, FA84, FA85, FA86, FA87, and FA88) that have not been described previously were isolated from the newborn babies, mothers, or the environment.
All HPV DNA-negative samples from children and parents were positive for human DNA by PCR, indicating that no PCR-inhibiting substances were present. Eighty-five percent (34 of 40) of the HPV DNA-negative environmental samples were positive for human DNA by PCR, and all nine HPV DNA-positive environmental samples tested positive for human DNA.
In total, the HPV types detected in 115 samples from 38 children and 31 parents plus 7 environmental samples were determined, resulting in the identification of 26 new putative HPV types (FA44, FA45, FA47, FA50, FA51, FA54, FA55 tive HPV types (FA1, FA5, FA6, FA7, FA10, FA11, FA12,  FA13, FA14, FA15, FA16, FA20, FA23, FA24, FA27, FA28,  FA31, FA34, FA35, FA36, FA37, FA38 , HPV-vs20-4, HPVvs43-1, HPV-vs73-1, HPV-vs92-1, and RTRX7).
DISCUSSION
The present study shows that HPV colonization of human skin occurs very early in life and with a great multiplicity of different HPV types. Actually, the acquisition of subclinical HPV infections seems to start the moment humans are born. Thus, the HPV DNA prevalence among children from the age of 1 month to 4 years ranged between 55 and 70%, which is close to the prevalence (about 75%) for their parents and other adults.
The samples obtained just after birth from the two babies in the pilot trial were both negative for HPV DNA, while all of the subsequent samples were HPV DNA positive, and one or more of the HPV types was found repeatedly. More than half of the HPV types detected in the specimens from the babies were also isolated from the respective parents, even although only one sample per parent was obtained and analyzed. It can be assumed that more HPV types or putative types would have been found to be common between the babies and their parents if additional clones had been analyzed or if more samples from the parents had been tested.
The conclusions drawn from the results for the two families in the pilot study were strengthened by the data for the 16 newborn babies and their mothers. Four of the 11 neonatemother pairs shared the same HPV type or putative HPV type. The detection of HPV DNA in the environmental samples collected from bedside tables in a maternity ward demonstrates the efficiency of shedding, and thus the potential infectiousness of the HPVs from the skin. However, none of the HPV types detected in the environmental samples were detected in the specimens from the respective newborn babies or their mothers, while mothers and babies frequently shared the same HPV type. Thus, it is reasonable to believe that close skin contact with another individual whose skin is infected with HPV, such as between mother and child, is more efficient for transmission of the viruses.
It can be questioned whether the HPV DNA found in the normal skin of a person represents an established infection or if it merely has the character of a contamination from the environment, i.e., HPV produced in other individuals. By the method of analysis used in the present study, it is not possible to determine which of the two alternatives is correct in individual cases.
Another question is how long it takes for a subclinical HPV infection of the skin to establish itself before new virus particles are shed from the surface of the skin. This question is very interesting with regard to the newborn infants, for whom it can be assumed that they were not exposed to HPV of the skin until they were born. Studies with different HPV types and cultured cells showed that uptake and internalization of the virus particles take place within 2 h (14, 15). However, little is known at present about the time that it takes before the HPVs that enter the skin establish a subclinical HPV infection and shed new HPV particles. In our study, HPV DNA was isolated in two samples from babies collected directly after birth. These two samples probably do not represent true infections but, rather, virus shed from the mother, especially since the same HPV type was also isolated in one specimen from the respective mother. The HPV types of the skin are widely spread among humans and give rise to persistent subclinical infections without causing warts or other lesions of the skin in healthy individuals (1, 2) . Papillomaviruses have been found in a wide range of vertebrates (18) and are believed to have codeveloped with different species over long periods of time (4, 5, 7) , and an interesting thought is that they have thereby given an evolutionary advantage to their hosts. 
